L logically recognizable lymphoid subset comprising 10% to 15% of peripheral blood mononuclear cells. Initially,
LGL were synonymous with natural killer (NK) cells.' However, it is now clear that LGL can be divided into two major lineages: CD3-and CD3+. CD3-LGL are NK cells that mediate non-maj or histocompatibility complex (MHC)-restricted cytotoxicity and do not express the CD3/T-cell receptor (TCR) complex or rearrange TCR genes.'-' CD3+ LGL are T cells that do express the CD3/TCR complex and rearrange TCR These cells mediate non-MHCrestricted cytotoxicity in vitro and are thought to represent in vivo-activated cytotoxic T lymphocyte^.^,^ A syndrome of increased numbers of circulating LGL associated with chronic neutropenia was recognized as a distinct clinical entity in 1977." A major question was whether the LGL proliferation represented a reactive or a neoplastic disorder. The first evidence that this disease resulted from a clonal process was the finding of clonal cytogenetic abnormalities in unstimulated cultures of peripheral blood and/or splenic mononuclear cells from two of our patients." We proposed the term LGL leukemia for this disorder based on the observation of clonality and the demonstration of tissue invasion by LGL of marrow, spleen, and liver."
It is now recognized that LGL proliferations may be clonally derived from either of their normal counterparts, ie, CD3-or CD3+ LGL. Confusion exists in the literature about the natural history of these disorders because previous studies have used a variety of names to describe such patients and have included patients without documented clonal disease. The purpose of this review is to focus on the clinical features of patients with clonal diseases of CD3+ or CD3-LGL to provide a basis for a uniform classification for these disorders.
NOMENCLATURE
Terms used to describe patients with LGL proliferative disorders have included: chronic T-cell lymphocytosis with neutr~penia,''~'~ T8 chronic lymphocytic leukemia (CLL),I4 T-cell CLL,'>" granulated T-cell lymphocytosis with neutropenia," T-suppressor cell CLL,I9 neutropenia with T lymphocytosis," and NK and !suppressor T-cell CLL." The most common names, besides LGL LGL. The French-American-British (FAB) Cooperative Group's proposal for classification of chronic T-lymphoid leukemias designated four subgroups: (1) T-cell CLL or LGL leukemia, (2) T-prolymphocytic leukemia, (3) adult T-cell leukemia/lymphoma, and (4) Sezary's syndrome. 33 In 1990, this FAB classification was reviewed by the Morphologic, Immunologic, Cytogenetic (MIC) Cooperative Study Group and it was agreed that the term LGL leukemia should replace T-CLL as the preferable termin~logy.~~ Given these considerations and in light of the evidence that clonal LGL proliferations may be either CD3+ (T-cell origin) or CD3-(NK cell origin), it is proposed that the following terminology be adopted: (1) T-LGL leukemia, characterized by clonal CD3+ LGL proliferation and (2) NK-LGL leukemia, characterized by clonal CD3-LGL proliferation. The clinical implications of this classification are reviewed below. 
METHODS
A Medline computerized search of the published literature was conducted using as key words the terminology described above. The cited literature of the primary references identified in this search was examined to identify additional pertinent publications. One hundred twenty-nine patients (including 33 from our series) with clonal CD3+ LGL, as determined by cytogenetic or TCR gene rearrangement studies, were classified as having T-LGL l e~k e m i a . "~'~,~~,~~~~~ Eleven patients with clonal CD3-LGL, as determined by cytogenetic studies, were classified as having NK-LGL leukemia.53,77,80-86 The clinical features of these two groups of patients are summarized below.
T-LGL LEUKEMIA (CLONAL CD37
Clinical features. Clinical features are summarized in Table I . The median age is 55 years, with a range of 4 to 88. Although the disease is infrequently reported in the pediatric literature, it is apparent that clonal onset may occur in ~hildhood.~',~' Male-to-female distribution is about equal. Recurrent bacterial infections, occumng as a consequence of neutropenia, are a hallmark of the disease and the major reason why patients come to medical attention. These infections typically involve skin, sinuses, and perirectal areas, but may also be more deeply invasive, resulting in pneumonia or sepsis. Opportunistic infections with fungal, viral, or parasitic pathogens are rare.
Of particular interest, rheumatoid arthritis occurs in patients may resemble patients with Felty's syndrome, with the clinical triad of rheumatoid arthritis, neutropenia, and splenomegaly. Previous studies had suggested that longstanding severe erosive arthritis and extraarticular manifestations of rheumatoid arthritis were rarely seen in T-LGL leukemia, distinguishing these patients from patients with typical Felty's ~y n d r o m e .~~,~' However, it is now apparent that such features may also be seen in rheumatoid patients with T-LGL le~kemia.'~ The prevalence of T-LGL leukemia in Felty's syndrome is not well characterized. We identified a clonal CD3 ' LGL population in 4 of 12 patients with Felty's syndrome6'; Gonzales-Chambers et a14' found clonal disease in 8 of23 such patients. Although clonal studies were not performed, 6 of 18 patients with Felty's had increased numbers of LGL''; a more recent study has suggested that the true prevalence of this syndrome is greatly underestimated." The cause of T-LGL leukemia (see below) and the events initiating the development of rheumatoid arthritis are not known; it is hypothesized that there may be a common etioltients with T-LGL leukemia. 1 1,35,47,49,52,65,72,75,78,79 These paogy underlying both diseases. Because T-LGL leukemia is a newly recognized disorder, it is difficult to determine the temporal sequence of onset of T-LGL leukemia to onset of rheumatoid arthritis. Several patients seem to have a simultaneous onset of rheumatoid arthritis and T-LGL leukemia.62p78 In one patient we have noted that clonal LGL proliferation (diagnosed after an abnormal complete blood cell count was found on routine annual examination) preceded the development of rheumatoid arthritis by several years. Subsequent studies performed after the diagnosis of rheumatoid arthritis demonstrated a normal lymphocyte phenotype and disappearance of the abnormal clone by Southern blot hybridization analyses.'" These results raise the possibility that rheumatoid arthritis may be preceeded by a clonal lymphoproliferation that is no longer apparent at diagnosis. In this regard, it is of interest that increased numbers of LGL with a CD3+, CD 16+ phenotype (typical of LGL leukemia, see below) are observed in synovial fluid but not peripheral blood obtained from patients with rheumatoid arthritis?'
Hematologic features. Examination of the peripheral blood smear is critical in establishing the diagnosis of LGL leukemia. The characteristic finding is the presence of increased numbers of LGL, usually identified by a size greater than normal lymphocytes, abundant pale cytoplasm, and prominent azurophilic granules (Fig 1A) . However, these features may vary, even among cells from the same patient. For example, granulation can range from fine to coarse, and some cells may have otherwise characteristic features but lack granules (sometimes called large agranular lymphoc y t e~) .~~ Occasionally, clonally expanded lymphocytes with a characteristic CD3+, CD57+ phenotype may not have LGL morphology on peripheral ~m e a r .~~,~~ It is also important to realize that most patients have only a modest absolute lymphocytosis (median, 7,80O/pL, range 1,000 to 49,00O/~L); because of this the diagnosis may be overlooked unless the blood smear is examined carefully. Nevertheless, the absolute numbers of circulating LGL are usually markedly increased (median 4,20O/pL; normal values, 223 f 991~L)~O; however, clonal disease has been documented in patients with absolute LGL counts as low as 700/pL (Table 2).
Hematologic findings are shown in Table 3 . Most patients have neutropenia, often severe. The incidence of neutropenia may be related to the referral pattern; patients without neutropenia may be asymptomatic and not come to medical attention. Patients with adult-onset cyclic neutropenia also have clonal LGL disease, in contrast to the findings in patients with childhood-onset cyclic neutro~e n i a .~~.~' The mechanism of neutropenia is not completely understood. Most patients show "maturation arrest" of the myeloid series in the marrow'1362 as well as lymphocytic infiltration (see below); however, the degree of lymphocytic infiltration can not account for neutropenia. There is some evidence for autoimmune neutropenia: antineutrophil antibodies are common11,49,62*72 and decreased neutrophil survival using kinetic studies has been d e m~n s t r a t e d .~~ The specificity of the antineutrophil antibodies is not determined; it is conceivable that these antibodies may reflect For personal use only. on October 23, 2017. by guest www.bloodjournal.org The prevalence of abnormal LGL proliferations in patients presenting with chronic neutropenia has been addressed in several small ~e r i e s ,~~-~' although it should be noted that determination of clonality was not performed in any of these studies. Chan et a196 evaluated 16 consecutive patients who had marrow examinations for unexplained neutropenia; 8 ofthese had lymphocyte surface marker studies. Of these 8, 5 had increased circulating LGL. T-cell phenotyping was performed in 15 consecutive patients with neutropenia and antineutrophil antibodies; 2 had the CD3+, CD8+ phenotype characteristic of T-LGL leukemia (see be lo^).^' Finally, Picker et a1 performed immunoperoxidase staining of marrow sections of 15 consecutive patients with neutropenia; 4 had CD57+ (LGL) infiltrates in Of note, these four patients did not have an abnormal percentage of circulating LGL. Taken together, these studies would suggest that T-LGL leukemia is not an uncommon cause of chronic "idiopathic" neutropenia.
Anemia and thrombocytopenia occur less frequently than neutropenia in T-LGL leukemia. Some of these patients develop pure red blood cell (RBC) aplasia; in contrast to the findings in patients with neutropenia, a direct inhibitory effect of leukemic LGL on erythropoiesis in vitro can be d e m~n s t r a t e d .~~.~" ,~~~'~ H emolytic anemia, both Coombs' positive and Coombs' negative, has been observed in a few patients with T-LGL l e~k e m i a . ' ' ,~~~~ Thrombocytopenia, when present, is usually of moderate degree, but can present as idiopathic thrombocytopenia purpura, with adequate numbers of marrow megakaryocytes and antiplatelet antibodies. Histopathologic features. Distinctive pathologic findings of T-LGL leukemia involve the marrow, spleen, and liver (Fig 1) . Skin infiltration and lymphadenopathy are distinctly unusual (Table 4) . Most cases show a diffuse lymphocytic infiltration of marrow; however, lymphoid aggregates have been noted in some patients (Fig 1D) .''3'o' Merlio et a1' "' have suggested that these lymphoid aggregates may represent reactive B cell nodules, with the leukemic LGL having a extranodular, interstitial infiltration as determined by paraffin immunohistochemistry. In some patients the marrow may be difficult to aspirate; reticular stains have shown some degree of fibrosis." Characteristic findings in the spleen include lymphocytic red pulp cord infiltration and often reactive germinal follicles (Fig 1 E) . These findings need to be distinguished from those of hairy cell leukemia.'" Touch imprints of splenic tissue show that the infiltrating lymphocytes are LGL; immunoperoxidase staining shows that splenic LGL have the same phenotype as circulating LGL (Fig lF) ." In one study a proportion of leukemic splenic LGL were actively in cell cycle"; cytogenetic and TCR gene rearrangement studies have demonstrated the clonal nature of the splenic infiltrate.",42,46,65 Pla smacytosis of splenic red pulp and marrow is frequently observed.'" Liver involvement typically shows a lymphocytic infiltration of hepatic sinusoids ( Fig IB) ; the portal areas may also be involved in more extensive disease. A few unusual cases have shown lymphomatous involvement of the small bowel with CD3+ LGL of either CD458 or CD848J03 phenotype; one patient initially presented with an intraocular lymphoma.48 These lymphomas may arise from LGL that reside in normal intestinal mucosa.Lo4Jo5 Few autopsies have been performed in these patients; we have seen lymphocytic infiltration in tissue other than marrow, spleen, and liver, such as kidneys, thyroid, and adrenal glands.'"' Serologic abnormalities are frequent and include polyclonal hypergammaglobulinemia, circulating immune complexes, and positive tests for rheuImmune abnormalities. For personal use only. on October 23, 2017. by guest www.bloodjournal.org From matoid factor or antinuclear antibody (Table 5) . As discussed above, antineutrophil antibodies as well as antiplatelet antibodies are also common. Less frequently, patients may present with hyp~gammaglobulinemia~~.~~,~'; an occasional patient will have a monoclonal gammopathy.40 Clonal B-cell disorders, including hairy cell leukemia, have been described rarely in association with T-LGL leukemia.38,40,67 More work is needed to define the mechanism of humoral immune abnormalities occurring in T-LGL leukemia.
Patients with T-LGL leukemia also have defects in cellular immunity. Absolute numbers of CD3-LGL (normal NK cells) are markedly diminished6'; NK activity is also diminished or absent.37,52,55@"70 However, leukemic LGL can be stimulated in vitro by anti-CD3 monoclonal antibody (MoAb) interleukin-2 or (IL-2) to acquire non-MHCrestricted ~ytoto~i~ity.~~~~'~~'~~'' Antibody-dependent cellular cytotoxicity activity is usually preserved, because leukemic LGL possess IgG Fc receptors (CD16). T-cell defects include diminished proliferative responses to mitogens such as phyt~hemagglutinin~~ and impairment in formation of high-affinity IL-2 receptors,66.'06~''' despite constitutive expression of functional p75 intermediate-affinity IL-2 receptors. lo','
CD3+ leukemic LGL express LGL antigens, such as CD16 and CD57, to varying extents (Fig 2A) . Another The cause of the clonal LGL proliferation is not known. CD3+, CD57+ cells, the rare normal counterparts of leukemic LGL, are thought to represent in vivo activated CTL of unknown antigen specificity.' CD3+ leukemic LGL will proliferate in vitro after activation with anti-CD3 MoAb (mimicking antigen activation) or lymphokines such as IL-2 or IL-4.'08~109~L"~'~6 Optimum stimulation is provided by anti-CD3 MoAb plus lymphokine.Il6 It is conceivable that antigen activation plus lymphokine secretion could lead to leukemic LGL proliferation in vivo. Clonal evolution would depend on additional genetic or environmental factors. The development of additional cytogenetic abnormalities observed in one patient with progression from chronic to an acute phase would support such a m0de1.'~ Retroviral infection may represent a pathway of antigen activation. In 1987 we found that 6 of 12 patients with T-LGL leukemia had serologic reactivity to human T-cell leukemia virus 1/11 (HTLV-1/11) antigens. Reactivity was directed against HTLV-1/11 gag proteins, p19 and/or ~2 4 . "~ Seroreactivity to HTLV-1/11 gag proteins was subsequently reported in 7 of 27 European patients with LGL disease"'; no seropositivity was observed in Japanese patients with this disease."' We recently showed that seroreactivity in one patient was caused by HTLV-I1 and not HTLV-I infection. We also cloned and sequenced HTLV-I1 from marrow mononuclear cell DNA of this patient using polymerase chain reaction (PCR) amplification.'20 This patient had not received prior blood transfusions and was not an intravenous drug user. In another patient with T-LGL leukemia, HTLV-I was isolated; however, that patient had received multiple blood transfusions before the detection of HTLV-
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In view of familial transmission of retroviral infection, it is of interest that clonal LGL proliferation has been documented in a father and his two ~hildren.~' We have also observed T-LGL leukemia in a mother and her son; serum from the son was indeterminate for HTLV-1/11 infection, reacting with gag protein p l 9.12' Taken together, these findings suggest an infectious cause of T-LGL leukemia. Disease manifestations seen in association with clonal LGL proliferation such as pure RBC aplasia, chronic or cyclic neutropenia, rheumatoid arthritis, or immunodeficiency might then depend on host-virus interactions or viral genotype, as occurs for animal retroviral infections.
It is difficult to assess the natural history of T-LGL leukemia because few patients have been followed up by any one group of investigators for sufficient time. One study indicated a 20% mortality after 4 years of prospective follow-up; however, that study included patients without documented clonal disease as well as patients with CD3-LGL proliferative disorders.27 There has been only one report of a spontaneous "remission" in a patient with clonal disease; that patient had clinical remission of neutropenia and anemia but still had evidence for a persistent clone by Southern blot analysis.122 Subsequently, neutropenia and anemia recurred in that patient (E. Winton, personal communication, September 1992). We have observed only one case in which there was a disappearance of clonal disease without treatment; however, that patient developed rheumatoid arthritis (see above).
In contrast to the impression that T-LGL leukemia is an indolent disease not requiring treatment, most patients in our series (24 of 33) have eventually needed therapy. The primary indication for treatment has been recurrent infections caused by severe neutropenia. Optimum treatment for severe neutropenia remains undefined. Splenectomy usually has only limited benefit in correcting neutropenia and results in increased numbers of circulating leukemic ce11s.36,52,64372 Im provement in neutrophil counts with prednisone therapy has been observed in a few patients, but most reported cases show no i m p r o~e m e n t .~~?~~,~~ Experience with hematopoietic growth factors is limited granulocyte-macrophage colony-stimulating factor (GM-CSF) does not seem to be e f f e~t i v e , '~~~'~~ whereas a few patients have responded to G-CSF.52,54 We are conducting a clinical trial of use of low-dose methotrexate. Preliminary results seem encouraging in correcting severe n e~t r 0 p e n i a . l~~
Pure RBC aplasia associated with T-LGL leukemia can be treated effectively with single-agent chemotherapy such as methylprednisolone, chlorambucil, or cyclophosphaCorrection of neutrophil cycling in patients with adult-onset cyclic neutropenia associated with T-LGL leukemia has been achieved with alternate day steroid therapy; however, clinical remission did not result in the complete disappearance of the abnormal clone.6' Nine of our 25 patients followed up prospectively for at least 2 years have died, usually of sepsis. Thus, it would seem that the majority of patients have a chronic disease with significant morbidity and mortality resulting from the consequences of neutropenia. However, some patients have a more aggressive and rapid clinical course, often marked by Prognosis and therapy. The diagnosis of T-LGL leukemia should be suspected in patients with chronic neutropenia, pure RBC aplasia, adult-onset cyclic neutropenia, or rheumatoid arthritis. Careful examination of the peripheral blood smear is mandatory, because some of these patients may not have an absolute l y m p h o c y t o~i s .~~,~~~~~.~~ In most patients with T-LGL leukemia, an increase in percentage and absolute numbers of LGL will be evident. However, clonally derived lymphocytes in some patients may not have LGL morphology but have the characteristic CD3+, CD8+, CD 16+, CD57+ p h e n~t y p e .~~.~~ Therefore, lymphocyte phenotyping is recommended in all patients with clinical features suggesting T-LGL leukemia, particularly in patients with neutropenia and rheumatoid a r t h r i t i~.~~,~~,~~ The diagnosis is established in patients with characteristic lymphocyte phenotypes by demonstrating clonal cytogenetic abnormalities or clonal TCR gene rearrangement. Other conditions causing atypical lymphocytosis, particularly viral infections, should be considered. Epstein-Barr virus (EBV) infection causes an atypical lymphocytosis; however, the atypical lymphocytes are not CD57+.I2' Cytomegalovirus infection can cause a mild increase in CD3+, CD57+
LGL;I2' however, patients with active cytomegalovirus disease do not have evidence for TCR gene r e a~~a n g e m e n t . '~~ Patients with human immunodeficiency virus infection may also have increases in CD 16+ LGL130; however, these LGL are polyclonally expanded (G. Semenzato, personal communication, September 1992).
Differential diagnosis.

NK-LGL LEUKEMIA (CLONAL CD3-)
Patients with NK-LGL leukemia also have clonally expanded LGL, but of CD3-p h e n~t y p e .~~.~~* '~' '~ The clinical presentation is quite different than CD3 ' LGL leukemia, as reviewed below.
The median age of 39 years is younger than that observed in T-LGL leukemia (Table 6 ). There is an equal male/female distribution. Manifestations of systemic disease are often the initial clinical presentations; high fever without signs of infection and other B symptoms are common. Rheumatoid arthritis has not been observed in any patient; however, NK-LGL leukemia has an acute clinical course.
Mild neutropenia is common; however, in contrast to
Clinical and hematologic features. T-LGL leukemia, severe neutropenia is unusual. Anemia and thrombocytopenia are more common and pronounced in NK-LGL leukemia; thrombocytopenia may be severe, in the range of 10,000 to 20,000/pL.80 It has been reported that one patient had hemolytic anemia.86 Most patients have had an absolute lymphocytosis at presentation ( Table 7) . There are often rapid increases in LGL counts (>50,000/ pL) occurring over a few weeks in this d i s e a~e .~~~~.~~ Other clinical features in NK-LGL leukemia are also different than T-LGL leukemia (Table 8) . Massive hepatosplenomegaly is common in NK-LGL leukemia. These patients often have involvement ofthe gastrointestinal system, with jaundice and a s~i t e s~' , ' ' ,~~,~~. , analysis of peritoneal fluid showed LGL in one case.86 Jejunal perforation has also been reported.80 Coagulopathy is also f r e q~e n t .~~,~~,~~ Lymph node involvement is observed more often in NK-LGL leukemia than T-LGL leukemia. Central nervous system disease, with spinal fluid examination showing LGL, has been documented in one case.83 Like T-LGL leukemia, the marrow shows LGL infiltration in NK-LGL leukemia. Immune function has not been evaluated in many of these patients, although two patients have had polyclonal hyperg a m m a g l~b u l i n e m i a~~~~~ and a monoclonal protein was observed in another patient.83 These clinical features of NK-LGL leukemia are similar to those described for the F344 rat model of CD3-LGL l e~k e m i a . '~' , ' ~~ LGL from these patients are indistinguishable by light microscopy from LGL of patients with T-LGL leukemia (Fig 2B) . One group of investigators has indicated that ultrastructural features may differ: CD3+ leukemic LGL often have parallel tubular arrays, whereas cells from patients with CD3-LGL proliferations do not.'33 The usual phenotype is CD3-, CD4-, CDK, CD16+, CD56+, and CD57-, in contrast to T-LGL leukemia in which cells are CD3+, CD8+, CD57+, and usually CD56-(see above).
A remarkable finding is that most of the NK-LGL leukemia patients with clonal cytogenetic abnormalities described are from Japan.53,77,82-84 K awa-Ha and colleagues have implicated EBV infection in the pathogenesis of NK-LGL leukemia in these Japanese patients, because they found clonal integration of EBV in leukemic cells.53 This finding has recently been confirmed in an NK-LGL leukemia patient reported from New Zealand.8' We were unable to find EBV genome using Southern blot analyses in DNA from European or American patients with chronic CD3-LGL lymphocytosis (a subset ofwhom were informative for X-linked gene analysis and were shown not to have a clonal disease, see below) or in DNA from our T-LGL leu-
Phenotype of NK-LGL leukemia.
Etiology. kemia patients, although all patients were seropositive for EBV. '34 In contrast to the usual chronic course of T-LGL leukemia, most patients with NK-LGL leukemia have an acute presentation of a systemic illness (see above). Nine of the 11 reported patients died, usually within I to 2 months after diagnosis, despite aggressive treatment with multiagent chemotherapy. The main cause of death is disseminated disease with associated coagulopathy and multiorgan f a i l~r e .~&~~ Autopsy examinations have shown LGL infiltration of spleen, marrow, and liver as well as lymph nodes, small bowel, and kidneys.8G81 There have been two apparent complete responses to combination chemotherapy. One patient was treated with ProMACE-Cyta-BOM and died of Candida tropicalis infection during neutropenia; autopsy showed no infiltration of spleen, marrow, or liver by LGL.86 The other patient presented with nephrotic syndrome, and was treated with cyclophosphamide, vincristine, and prednisone. Complete remission was of 10-months duration at the time of the rep01-t.~~ Although NK-LGL leukemia is usually diagnosed after an acute presentation, there is some evidence that there may be an antecedent chronic phase. A few patients have had a more chronic clinical course for several years before acceleration of d i s e a~e .~~,~~,~~ Furthermore, additional cytogenetic abnormalities have been noted in one patient at the time of transformation from chronic phase.84
Prognosis and therapy.
LGL LYMPHOCYTOSIS (CD3+ OR CD3-; NO EVIDENCE OF CLONALITY)
Some patients have persistently increased numbers of either CD3-or CD3 ' LGL, which cannot be proven to be clonally expanded. In large series most patients with the typical clinical syndrome associated with increased numbers of CD3+ LGL have a clonal disorder (for example, 15 of 15 by Rambaldi et and 33 of 34 in our Nevertheless, clonality can not be proven in some otherwise typical CD3+ patients using TCR rearrangement s t~d i e s .~~~~~~~~~~~~'~~ Failure to demonstrate clonality using such methodology may be caused by technical artifact'39 or failure to use appropriate TCR gene probes. For example, in some patients the CD3+ LGL are not TCRa(I+ but rather TCRyG+ (see above). In such cases, TCRP probes will not show clonality but TCRy probe will.46 Lack ofclonality using TCR gene probes may also reflect the ontogeny of the transformed cells. Brito-Babapulle et a143 found a clonal cytogenetic abnormality in a patient with CD3+
LGL; a germline pattern for TCRP gene and polyclonal rearrangement of the TCRy gene was shown. They specuand Pelicci et For personal use only. on October 23, 2017. by guest www.bloodjournal.org From lated that a TCRy6 precursor was the target of the malignant change. 43 Inability to demonstrate clonality may also mean that the disease has a polyclonal phase antecedent to clonal evolution. Because normal CD3 ' LGL are thought to represent CTL of unknown antigen specificity,' it is hypothesized that CD3+ LGL in these patients are CTL that first undergo polyclonal expansion in response to antiger, stimulation (see above). In support of this theory, Agostini et all4' demonstrated a polyclonal expansion of CD3+, CD8 ' LGL directed against hepatitis B virus-infected CD4' lymphocytes in one patient.14' Subsequent clonal transformation might then depend on additional genetic or environmental factors. However, it is important to emphasize that polyclonalto-clonal progression has not been documented in this disease.
It is more difficult to prove clonality in patients with proliferative disorders of CD3-LGL, because of the lack of a clonal marker. TCR gene rearrangement studies cannot be used to assess clonality, because normal CD3-LGL and
LGL from patients with CD3-lymphoproliferation do not rearrange TCRa, ,B, 7 , or 6 genes.2,3,42,63,'35,'36,'4' Clonal cytogenetic abnormalities occurring in patients with an acute presentation involving CD3-LGL have supported the diagnosis of NK-LGL leukemia (see above). Patients with similar clinical features have also been reported; however, cytogenetic studies were not performed.142 It would seem reasonable to designate such patients as having NK-LGL leukemia without needing to rely on cytogenetic studies, particularly because no unique cytogenetic abnormalities have yet been identified in this disease. In contrast, most patients with increased numbers of CD3-LGL have a different clinical syndrome, marked by a chronic course. These patients have mild-to-moderate neutropenia, but would seem to have a much lower incidence of rheumatoid arthritis and autoimmune phenomena than T-LGL leukemia patient^.'^^,'^^ It was not known whether such patients with the chronic CD3-LGL proliferation have a clonal disorder. Recently, we studied seven women with chronic CD3-LDGL from Europe and the United States who were heterozygous for certain X-linked loci. Using such X-linked gene ana lyse^,'^^,'^^ we could not demonstrate clonality in any of these patients.143 These data suggest a reactive rather than neoplastic origin of the LGL lymphocytosis. However, it is conceivable that such a polyclonal proliferation may represent a preneoplastic state. As noted above, some of the patients with NK-LGL leukemia may have a chronic phase before acute transformation. Serial studies of clonality using this methodology are needed to address whether clonal progression can be demonstrated.
OTHER MALIGNANCIES WITH LGL PHENOTYPE
There are other malignant diseases in which tumor cells express some LGL antigens. The ontogenetic relationship of these diseases to T-or NK-LGL leukemia is not known.
There have been several case reports of ALL cells with a CD3-, CD16+, CD56+ p h e n~t y p e , '~~ CD3', CD8+, CD16' phen~type,'~' and CD3-, CD 16-, CD57' ~h e n 0 t y p e . l~~ Blast morphology
Acute lymphocytic leukemia (ALL).
was FAB L2; the blasts did not have LGL morphology. Kaplan et a1 described 14 cases of "T"-ALL; 4 were CD57'. All 4 had L2 morphology; 1 was CD3+, and in I case, tumor cells contained granules.'49 There seems to be a distinct group of non-Hodgkin's lymphomas in which the tumor cells are CD16+ or CD56+.150,'51 Th ese tumors usually are diffuse large cell lymphomas. Ng et a1 reviewed 149 cases of non-Hodgkin's lymphoma occurring in Chinese patients; 17 were CD 16+ and/or CD56'. Seventy-six percent of the CD 16+/CD56+ tumors involved the nasopharynx; conversely, 52% of nasopharyngeal lymphomas were CD 16+ and/or CD56+.I5' The predilection for nasopharynx of CD56+ lymphomas was confirmed in a series of 1 I patients from the United States; other unusual sites for these tumors included central nervous system and muscle.15' Several cases of CD4+, CD 16+, CD57+ lymphoblastic lymphomas have also been d e s~r i b e d '~~,~~~; in one series, 6 of 38 patients with lymphoblastic lymphoma had this phen 0 t~p e . l~~ Finally, three of seven CD8+ immunoblastic lymphomas were also CD57'; imprints from one of these cases showed LGL.IS4
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